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0 Hybrid switch using a one-shot firing pulse. 

© Semiconductor switching elements (inverse-par- 
allel connected thyristors) of each main circuit ele- 
ment unit are connected in parallel to a main contact 
of an electromagnetic contactor. An operation input 
voltage signal applied to an electromagnetic coil of 
the electromagnetic contactor is detected by an in- 
put-voltage detecting circuit of a control section. 
When the electromagnetic contactor is closed and 
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opened, a one-shol-pulse generating unit outputs a 
one-shot pulse based on an output of the input- 
voltage detecting circuit and a signal indicating an 
opening/closing state of an auxiliary normally-closed 
contact of the electromagnetic contactor. The semi- 
conductor switching elements are made on only for 
a short time by a firing circuit based on the one-shot 
pulse, to turn on and off a load current. 
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BACKGROUND OF THE INVENTION 

The present invention relates to a hybrid switch 
which has semiconductor switching elements con- 
nected in parallel to a main contact of an elec- 
tromagnetic contactor used for switching a motor 
load or the like, and which is adapted to operate 
the semiconductor switching elements for a short 
time at the time of the actuation and cutting off of 
the electromagnetic contactor. 

The hybrid switch of this type ensures that no 
arc is produced between contacts of a mechanical 
contact, which is a main contact of an electromag- 
netic contactor, by causing semiconductor switch- 
ing elements to perform the turning on and off of 
an energization current during the actuation and 
cutting off of the electromagnetic contactor. 

Fig. 14 is a circuit diagram of a hybrid switch 
which illustrates a conventional device a patent 
application for which was filed by the present ap- 
plicant (Japanese Unexamined Patent Publication 
No. Hei. 4-354374). 

In Fig. 14. reference numeral 51 denotes an 
a.c. power supply: 52, a load connected to the a.c. 
power supply 51 via a main contact 53a of an 
electromagnetic contactor 53; 53, the electromag- 
netic contactor having the main contact 53a and an 
auxiliary normally-closed contact 53b; 54, a triac (a 
semiconductor switching element) connected in 
parallel to the main contact 53a of the electromag- 
netic contactor 53; and 55, a gate trigger resistor 
connected in series with the auxiliary normally- 
closed contact 53b of the electromagnetic contac- 
tor 53, its connection with the auxiliary normally- 
closed contact 53b being connected to the gate G 
of the triac 54. 

In the hybrid switch shown in Fig. 14, when the 
electromagnetic contactor 53 is in a cut-off state, 
the triac 54 remains off since the auxiliary nor- 
mally-closed contact 53b is closed and the circuit 
between the gate and the cathode is shorted. On 
application of an operation input voltage signal to 
the electromagnetic contactor 53, the electromag- 
netic contactor 53 starts operation, and an unil- 
lustrated movable iron core starts to move toward a 
fixed iron core, whereupon the auxiliary normally- 
closed contact 53 is opened before the main con- 
tact 53a is closed, thereby supplying a firing signal 
to the gate G of the thac 54 via the gate trigger 
resistor 55 and turning on the triac 54. After the 
triac 54 is turned on, if the main contact 53a of the 
electromagnetic contactor 53 is closed, most of the 
load current flowing across the triac 54 flows to the 
load 52 via the main contact 53a. Then, when there 
is no longer the operation input voltage signal 
which was applied to the electromagnetic contactor 
53, the main contact 53a is opened. At this time, 
since the firing signal is applied to the gate G of 



the triac 54 via the gate trigger resistor 55. the triac 
54 is turned on, and the load current flowing 
through the main contact 53a flows via the triac 54. 
When the auxiliary normally-closed contact 53b is 
5 closed after the main contact 53a of the elec- 
tromagnetic contactor 53 is opened, the circuit 
between the gate and the cathode of the triac 54 is 
shorted, and the firing signal which was being 
supplied to the gate G is stopped, so that the triac 
10 54 is turned off at a point of time when the load 
current from the a.c. power supply 51 passes 
through the zero point. Thus, when the electromag- 
netic contactor 53 is actuated and cut off. the triac 
54 undergoes an on operation for a short duration, 

75 thereby preventing the occurrence of an arc result- 
ing from the closing and opening of the main 
contact 53a. Since it suffices If the triac 54 under- 
goes the on operation for a short duration to allow 
the load current to flow, an element of a small 

20 capacity for conduction for a short duration is used 
as the triac 54. 

With the conventional device shown in Fig. 14. 
since the auxiliary normally-closed contact 53b is 
open when the electromagnetic contactor 53 is on. 

25 a load current, though small, flows across the gate 
G of the triac 54. For this reason, if the main 
contact 53a of the electromagnetic contactor 53 
undergoes a faulty contact, the load current is 
applied to the gate G to turn the triac 54 on, 

30 causing all the load current to flow across the triac 
54. Since the element of a small capacity for 
conduction for a short duration is used as the triac 
54 as described above, if the load current contin- 
ues to flow due to the faulty contact of the main 

35 contact 53a, there is the risk of heat being gen- 
erated, resulting in thermal breakdown. To prevent 
such thermal breakdown of the triac 54, it is con- 
ceivable to use a large-capacity element as the 
triac 54. In that case, however, it is necessary to 

40 provide a cooling member for heat dissipation in 
the case where the load current continues to flow 
across the triac 54. In addition to the fact that the 
large-size triac 54 causes the element itself to be 
expensive, since the cooling member is required, 

45 there are drawbacks in that the hybrid switch be- 
comes expensive and large in size. In the event 
that the auxiliary normally-closed contact 53b un- 
dergoes a faulty contact in addition to the faulty 
contact of the main contact 53a, the same 

50 drawbacks as those described above are encoun- 
tered since the load current is constantly supplied 
to the gate G of the triac 54. 

In addition, when the opening and closing of 
the load 52 is effected at a high frequency, the 

55 hybrid switch, particularly the triac 54. undergoes 
the on operation frequently. For this reason, the 
electric power occurring in the triac 54 increases, 
and the amount of heat generated becomes large, 
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SO that there is the drawback in that thermal break- 
down occurs in a small-capacity triac. 

Furthermore, as for the electromagnetic con- 
tactor, if the voltage value of the operation input 
voltage signal is at a prescribed value or higher, 
sufficient attraction occurs between the fixed iron 
core and the movable iron core, and complete 
actuation takes place. On the other hand, if the 
voltage value of the operation input voltage signal 
is below the prescribed value, and the operation 
input voltage signal of a voltage value lower than 
the specified value is applied, sufficient attraction 
does not occur between the fixed iron core and the 
movable iron core, so that the attraction and re- 
lease of the movable iron core is repeated. Con- 
sequently, the main contact 53a and the auxiliary 
normally-closed contact 53b of the electromagnetic 
contactor are repeatedly turned on and off, so that 
the triac 54 frequently undergoes the on operation. 
In this case as well, there is the drawback in that 
thermal breakdown occurs in a small-capacity triac. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention 
is to provide an inexpensive hybrid switch which 
can be made compact, which can prevent the 
thermal breakdown of the semiconductor switching 
element even when faulty contact occurs in the 
main contact or the auxiliary normally-closed con- 
tact of the electromagnetic contactor, and in which 
a small-capacity semiconductor switching element 
can be used for the electromagnetic contactor 
which is opened and closed at a high frequency, 
thereby overcoming the above-described 
drawbacks of the convention devices. 

To attain the above-described object, accord- 
ing to a first aspect of the invention, a hybrid 
switch which has semiconductor switching ele- 
ments connected in parallel to a main contact of an 
electromagnetic contactor and is adapted to op- 
erate the semiconductor switching elements for a 
short time at the time of the actuation and cut-off of 
the electromagnetic contactor, comprises: a control 
section for detecting a fall of an auxiliary normally- 
closed contact signal and a fall of an operation 
input voltage signal, and for outputting a one-shot 
pulse at each point of time of detection thereof so 
as to apply a firing pulse to the semiconductor 
switching elements. 

According to a second aspect of the invention, 
a hybrid switch which has semiconductor switching 
elements connected in parallel to a main contact of 
an electromagnetic contactor and is adapted to 
operate the semiconductor switching elements for 
a short time at the time of the actuation and cut-off 
of the electromagnetic contactor, comprises: a con- 
trol section for detecting a fall of an auxiliary nor- 



mally-closed contact signal and a fall of an opera- 
tion input voltage signal, and for outputting a one- 
shot pulse at each point of time of detection there- 
of so as to apply a firing pulse to the semiconduc- 
5 lor switching elements; and a voltage monitoring 
circuit for monitoring an interterminal voltage or a 
load-side interphase voltage of the main contact of 
the electromagnetic contactor so as to determine 
faulty contact of the main contact or faulty conduc- 
70 tion of the semiconductor switching elements, 
wherein the control section prohibits the outputting 
of the one-shot pulse or turns off an operating coil 
of the electromagnetic contactor by the output of 
the voltage monitoring circuit. 
75 Further, according to a third aspect of the 

invention, a hybrid switch which has semiconductor 
switching elements connected in parallel to a main 
contact of an electromagnetic contactor and is 
adapted to operate the semiconductor switching 
20 elements for a short time at the time of the ac- 
tuation and cut-off of the electromagnetic contactor, 
comprises: a control section for detecting a fall of 
an auxiliary normally-closed contact signal and a 
fall of an operation input voltage signal, and for 
25 outputting a one-shot pulse at each point of time of 
detection thereof so as to apply a firing pulse to 
the semiconductor switching elements, the control 
section having a timer which starts a timing opera- 
tion of a predetermined time limit and issues an 
30 output by the output of the one-shot pulse and 
stops the output upon completion of the timing 
operation of the predetermined time limit, the out- 
putting of the one-shot pulse being prohibited while 
the output is being issued from the timer. 
35 Furthermore, according to a fourth aspect of 

the invention, a hybrid switch which has semicon- 
ductor switching elements connected in parallel to 
a main contact of an electromagnetic contactor and 
is adapted to operate the semiconductor switching 
40 elements for a short time at the time of the ac- 
tuation and cut-off of the electromagnetic contactor, 
comprises: a control section for detecting a fall of 
an auxiliary normally-closed contact signal and a 
fall of an operation input voltage signal, and for 
45 outputting a one-shot pulse at each point of time of 
detection thereof so as to apply a firing pulse to 
the semiconductor switching elements; and an in- 
put-voltage detecting circuit for issuing an output 
when a voltage of the operation input voltage signal 
50 is equal to or exceeds an operating voltage or a 
returning voltage of the electromagnetic contactor, 
wherein the control section issues the one-shot 
pulse on condition of the output of the Input-voltage 
detecting circuit. 
65 Still further, according to a fifth aspect of the 

invention, a hybrid switch which has semiconductor 
switching elements connected in parallel to a main 
contact of an electromagnetic contactor and is 
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adapted to operate the semiconductor switching 
elements for a short time at the time of the ac- 
tuation and cut-off of the electromagnetic contactor, 
comprises: a control section for detecting a fall of 
an auxiliary normally-closed contact signal and a 
fall of an operation Input voltage signal, and for 
outputting a one-shot pulse at each point of time of 
detection thereof so as to apply a firing pulse to 
the semiconductor switching elements, wherein the 
control section detects a rise of the operation input 
voltage signal, detects the presence or absence of 
the fall of the auxiliary normally-closed contact 
signal after the rise, and prohibits the outputting of 
the one-shot pulse when there is no fall in the 
auxiliary normally-closed contact signal. 

According to the first aspect of the invention, a 
fall of an auxiliary normally-closed contact signal 
and a fall of the operation input voltage signal are 
detected, and a one-shot pulse is outputted at each 
point of time of detection thereof so as to apply a 
firing pulse to the semiconductor switching ele- 
ments. As a result, even if the auxiliary normally- 
closed contact or the main contact of the elec- 
tromagnetic contactor undergoes a faulty contact, 
the semiconductor switching elements are ener- 
gized only during a period specified by the one- 
shot pulse, so that the semiconductor switching 
elements are not subjected to thermal breakdown. 

According to the second aspect of the inven- 
tion, in addition to the constitution according to the 
first aspect, a voltage monitoring circuit is provided 
for monitoring an interterminal voltage or a load- 
side interphase voltage of the main contact of the 
electromagnetic contactor so as to determine faulty 
contact of the main contact or faulty conduction of 
the semiconductor switching elements, and the out- 
putting of the one-shot pulse to the semiconductor 
switching elements is prohibited by the output of 
the voltage monitoring circuit, or an operating coll 
of the electromagnetic contactor is turned off by 
the output of the voltage monitoring circuit. Even if 
the main contact undergoes a closing operation 
after the turning on of the semiconductor switching 
elements, if the main contact has undergone a 
faulty contact, the outputting of the one-shot pulse 
Is prohibited by detecting a voltage appearing be- 
tween the terminals of the main contact after the 
outputting of the one-shot pulse or detecting that 
the load-side interphase voltage becomes zero. 
This narrows the time width of the one-shot pulse 
and reduce the energization period of the semicon- 
ductor switching elements, thereby suppressing the 
heat generation of the semiconductor switching ele- 
ments. Also, If the semiconductor switching ele- 
ments have undergone faulty conductance, on de- 
tecting the fact that a voltage appears between the 
terminals of the main contact during the outputting 
of the one-shot pulse, the operating coil of the 
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electromagnetic contactor is turned off, thereby re- 
leasing the electromagnetic contactor. 

According to the third aspect of the invention, 
in addition to the constitution according to the first 

5 aspect, a timer is provided which starts a timing 
operation of a predetermined time limit and issues 
an output by the output of the one-shot pulse and 
stops the output upon completion of the timing 
operation of the predetermined time limit, and the 

70 outputting of the one-shot pulse is prohibited while 
the output is being Issued from the timer. Con- 
sequently, even if the electromagnetic contactor is 
subjected to switching control frequently, the one- 
shot pulse is not outputted within the time limit of 

75 the timer, so that the heat generation by the semi- 
conductor switching elements can be suppressed. 

According to the fourth aspect of the invention, 
in addition to the constitution according to the first 
aspect, an input-voltage detecting circuit is pro- 

20 vided for issuing an output when a voltage of the 
operation input voltage signal is equal to or ex- 
ceeds an operating voltage or a returning voltage 
of the electromagnetic contactor, and the control 
section issues the one-shot pulse on condition of 

25 the output of the input-voltage detecting circuit. 
Consequently, In cases where the voltage value of 
the operation input voltage signal is lower than the 
predetermined value, the semiconductor switching 
elements do not undergo the on operation, so that 

30 the semiconductor switching elements are not sub- 
jected to thermal breakdown due to the repetition 
of the on-operation. 

According to the fifth aspect of the invention, in 
addition to the constitution according to the first 
35 aspect, the control section detects the presence or 
absence of the fall of the auxiliary normally-closed 
contact signal after a rise of the operation input 
voltage signal. Accordingly, if the auxiliary nor- 
mally-closed contact has undergone a faulty con- 
40 tact, the fall in the auxiliary normally-closed contact 
signal does not occur, so that the faulty contact of 
the auxiliary normally-closed contact is detected, 
and the outputting of the one-shot pulse is prohib- 
ited. 

45 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a block diagram illustrating a configura- 
tion of a hybrid switch in accordance with an 
50 embodiment of the present invention; 

Fig. 2 is a circuit diagram illustrating a configu- 
ration of a one-shot-pulse generating unit shown 
in Fig. 1; 

Figs. 3A-3C are waveform diagrams of essential 
55 portions explaining the operation of the hybrid 
switch shown in Fig. 1, in which Fig. 3A is a 
waveform diagram of the essential portions dur- 
ing the normal operation. Fig. 3B is a waveform 

4 
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diagram of the essentia! portions during faulty 
contact of an auxiliary normally-closed contact, 
and Fig. 3C is a waveform diagram of the es- 
sential portions during faulty contact of a main 
contact; ^ 
Fig. 4 is a circuit diagram illustrating an embodi- 
ment having a one-shot-pulse generating unit 
different from that shown in Fig. 1; 
Figs. 5A and 5B are waveform diagrams of 
essential portions explaining the operation of the io 
embodiment shown in Fig. 4. in which Fig. 5A is 
a waveform diagram of the essential portions 
during the nornnal operation, and Fig. 5B is a 
waveform diagram of the essential portions dur- 
ing faulty contact of a main contact; ?5 
Fig. 6 is a circuit diagram of the one-shot-pulse 
generating unit illustrating an embodiment dif- 
ferent from the one shown in Fig. 1; 
Fig. 7 is a waveform diagram of essential por- 
tions explaining the operation of the embodi- 20 
ment shown in Fig. 6; 

Fig. 8 is a block diagram illustrating a configura- 
tion of a hybrid switch in accordance with still 
another embodiment of the present invention; 
Figs. 9A-9C are waveform diagrams of essential 25 
portions explaining the operation of the embodi- 
ment shown in Fig. 8. in which Fig. 9A is a 
waveform diagram of the essential portions dur- 
ing the normal operation, Fig. 9B is a waveform 
diagram of the essential portions during faulty 30 
contact of a main contact, and Fig. 9C is a 
waveform diagram of the essential portions dur- 
ing faulty conductance of thyristors (switching 
elements) of main circuit element units; 
Fig. 10 is a block diagram illustrating a configu- 35 
ration of a hybrid switch in accordance with a 
further embodiment of the present invention; 
Fig. 1 1 is a waveform diagram of essential por- 
tions explaining the operation of the embodi- 
ment shown in Fig. 10; 

Fig. 12 is a block diagram illustrating a configu- 
ration of a hybrid switch in accordance with a 
still further embodiment of the present invention; 
Figs. 13A and 13B are waveform diagrams of 
essential portions explaining the operation of the 45 
embodiment shown in Fig. 12. in which Fig. 13A 
is a waveform diagram of the essential portions 
during the normal operation, and Fig. 138 is a 
waveform diagram of the essential portions dur- 
ing faulty contact of the auxiliary normally- 5C 
closed contact; and 

Fig. 14 is a circuit diagram Illustrating a hybrid 
switch of a conventional device. 



DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Emt)Odiments of the present invention will be 
hereinafter described with reference to the accom- 
panying drawings. 

Fig. 1 is a block diagram of a hybrid switch 
illustrating an embodiment of the present invention. 

In Fig. 1 , reference numeral 1 denotes an elec- 
tromagnetic contactor. This electromagnetic con- 
tactor 1 is provided with a main contact la having 
one terminal connected to three-phase a.c. power 
supply terminals R, S, and T and another end 
connected to load terminals U, V. and W, as well 
as an auxiliary normally-closed contact lb inter- 
locking with the main contact la. Numeral 10 de- 
notes a control section for controlling semiconduc- 
tor switching elements which will be described 
later. Applied to operation input terminals h and h 
of the control section 10 is an operation input 
voltage signal, which is connected in parallel to an 
electromagnetic coil (not shown) of the electromag- 
netic contactor 1 and is applied to the electromag- 
netic coil. The auxiliary normally-closed contact lb 
of the electromagnetic contactor 1 is connected to 
auxiliary-contact input terminals I3 and U of the 
control section 10. The control section 10 is com- 
prised of the following: a rectifying/smoothing cir- 
cuit 1 1 connected to the operation input terminals 
h and I2; an input-voltage detecting circuit 12 for 
detecting whether or not the output voltage of the 
rectifying/smoothing circuit 1 1 has reached a speci- 
fied value of the operating voltage during actuation 
of the electromagnetic contactor 1 or the returning 
voltage during a cut-off thereof, the input-voltage 
detecting circuit 12 being adapted to output (SI) a 
signal of high level (hereafter, the high-level signal 
will be referred to as the H signal) when the output 
voltage of the rectifying/smoothing circuit 11 has 
reached the specified value, and a signal of low 
level (hereafter, the low-level signal will be referred 
to as the L signal) when the output voltage of the 
rectifying/smoothing circuit 11 has not reached the 
specified value; a determining circuit 13 connected 
to the auxiliary-contact input terminals I3 and U and 
adapted to output (S2) the L signal and the H 
signal in correspondence with the closed state and 
the open state of the auxiliary normally-closed con- 
tact lb; a one-shot-pulse generating unit 14 for 
outputting a one-shot pulse signal S3 on the basis 
of signals from the determining circuit 13 and the 
input-voltage detecting circuit 12; a firing circuit 15 
having photocouplers PHTi, PHT2, and PHT3 to 
which the one-shot pulse from the one-shot-pulse 
generating unit 14 is supplied; and main circuit 
element units 16 each having semiconductor 
switching elements, i.e., two inverse-parallel con- 
nected thyristors THYi and THY2 in this embodi- 
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ment. The firing circuit 15 includes the 
photocoupler PHT1 for the R phase, the 
photocoupler PHT2 for the S phase, and the 
photocoupler PHT3 for the T phase in correspon- 
dence with the three-phase a.c. power supply. The 
main circuit element units 16 are constituted by 
three main circuit element units for the R phase, 
the S phase, and the T phase which are connected 
between the three-phase a.c. power supply termi- 
nals R. S. and T and the load terminals U, V, and 
W. respectively. Since the configuration for each 
phase is identical, the main circuit element unit for 
the R phase is typically illustrated. In the main 
circuit element unit 16, opposite terminals of the 
inverse-parallel connected thyristors THYi and 
THY2 are connected to the three-phase power sup- 
ply terminal R and the load terminal U, respec- 
tively. A noise filter constituted by a series circuit 
including a resistor R1 and a capacitor C. as well 
as a nonlinear element 2 called a Z RAP (trade- 
mark), are connected to the opposite terminals of 
the thyristors THYi and THY2. A parallel circuit 
constituted by a reverse-flow preventing diode D2 
and a resistor R3 is connected between the gate 
and cathode of the thyristor THYi . while a parallel 
circuit constituted by a reverse-flow preventing di- 
ode D1 and a resistor R2 is connected between the 
gate and cathode of the thyristor THY2. The re- 
spective cathodes of the reverse-flow preventing 
diodes D1 and D2 are connected to both terminals 
of the photo triac output of the photocoupler PHTl 
of the firing circuit 15. Incidentally, although the 
case of the thyristor is shown as the semiconductor 
switching element, a semiconductor element such 
as a triac may be used instead of the thyristor. 

Fig. 2 shows a circuit diagram of the one-shot- 
pulse generating unit 14 shown In Fig. 1. In Fig. 2. 
an inverted signal of the normally-closed contact 
signal S2 from the determining circuit 13 is input- 
ted to a one-shot-pulse generating circuit 141. and 
this one-shot-pulse generating circuit 141 outputs a 
one-shot pulse of a time width ta when the nor- 
mally-closed contact signal S2 has fallen from H to 
L. i.e., when the auxiliary normally-closed contact 
lb has changed from the closed state to the open 
state. Meanwhile, the operation signal S1 corre- 
sponding to the operation input voltage signal is 
inputted to a one-shot-pulse generating circuit 142, 
and the one-shot-pulse generating circuit 142 out- 
puts a one-shot pulse of a time width tb when the 
operation signal Si has fallen from H to L, i.e., 
when the operation input voltage signal has 
changed from the on state to the off state. The 
output of the one-shot-pulse generating circuit 141, 
together with the operation signal 81 . is inputted to 
an AND circuit ANDl. When the AND condition of 
the AND circuit ANDl holds, i.e., when the inverted 
signal of the contact signal 82 has changed from H 



^MSDOCID: <EP_ 066034eA 1 . I. > 



(the auxiliary normally-closed contact lb is in the 
closed state) to L (the auxiliary normally-closed 
contact lb is in the open state) when the operation 
signal 81 is H, and the one-shot pulse of the time 
5 width ta has been outputted. the AND condition 
holds, and the one-shot pulse signal 83 of the time 
width ta is outputted to the firing circuit 1 5 via an 
OR circuit ORl. When the one-shot pulse of the 
time width tb is outputted from the one-shot-pulse 
10 generating circuit 142, the one-shot pulse 83 of the 
time width tb is outputted to the firing circuit 1 5 via 
the OR circuit ORl. 

Namely, at the time of the actuation of the 
electromagnetic contactor 1, when the operation 
75 signal 81 (corresponding to the operation input 
voltage signal) is in the on state, and when the 
auxiliary normally-closed contact lb has changed 
from the closed state to the open state, the AND 
condition of the AND circuit ANDl holds, and the 
20 signal S3 is outputted. Meanwhile, at the time of 
the cutting off of the electromagnetic contactor 1, 
when the operation signal Si has changed from on 
to off, the signal S3 is outputted. 

Next, the operation in accordance with the em- 
25 bodiment shown In Fig. 1 will be described with 
reference to the waveform diagrams shown in Fig, 
3. In Fig. 3, 81 denotes the output of the input- 
voltage detecting circuit 12; 82 denotes the nor- 
mally-closed contact signal indicating the on and 
30 off states of the auxiliary normally-closed contact 
lb; la denotes the main contact signal indicating 
the on and off states of the main contact la of the 
electromagnetic contactor 1; S3 denotes the output 
signal from the one-shot-pulse generating unit 14; 
35 THY denotes the operation signal of the thyristors 
THYI and THY2 of each main circuit element unit 
16; and I denotes the load current. Fig, 3A is a 
waveform diagram of various parts during the nor- 
mal operation. Fig. 3B is a waveform diagram of 
40 the various parts during faulty contact of the auxil- 
iary normally-closed contact, and Fig. 30 is a 
waveform diagram of the various parts during faulty 
contact of the main contact. Incidentally, the 
waveform diagrams during faulty contact shown in 
45 Rgs. 3B and 30 are illustrated with time intervals 
increased with respect to the waveform diagram 
during the normal operation shown in Fig. 3A, so 
as to facilitate an understanding. 

First, during the normal operation shown in Fig. 
50 3A, the operation input voltage signal is applied to 
the operation input terminals h and I2 of the control 
section 10. and it is assumed that the output signal 
81 outputted from the input-voltage detecting cir- 
cuit 12 is turned on at a timing ti when the opera- 
55 tion input voltage signal has reached a specified 
value. At the same time, a voltage is applied to the 
electromagnetic coil of the electromagnetic contac- 
tor 1 , causing the movable iron core to be attracted 

6 



11 



EP 0 660 348 A1 



12 



by the fixed iron core. Then, it it is assumed that 
the auxiliary normally-closed contact ib is opened 
at a timing ta before the main contact la is closed, 
since the operation input voltage signal Si is on. 
and the auxiliary normally-closed contact lb 
changes to the open state, i.e.. the signal at the 
auxiliary normally-closed contact lb falls from on to 
off, the one-shot pulse S3 of the time width ta is 
outputted from the one-shot-pulse generating unit 
14. If a firing signal is applied to the thyristors of 
the main circuit element units 16 via the firing 
circuit 15 by means of this one-shot pulse S3, the 
thyristors are turned on, allowing a load current to 
be supplied to the load via the thyristors. If the 
main contact la of he electromagnetic contactor 1 
is closed at a timing ta. the load current flows 
across that main contact la, the thyristors of the 
main circuit element units 16 are turned on for a 
short duration tai from the timing ts until the timing 
ts, and are then turned off. The one-shot pulse 
outputted from the one-shot-puise generating unit 
14 at the timing t2 is turned off after the lapse of a 
time duration ta. Thus, during the actuation of the 
electromagnetic contactor 1. after the thyristors of 
the main circuit element units 16 are turned on for 
a short duration to energize the load, the main 
contact la of the electromagnetic contactor 1 is 
closed, thereby changing over the load current 
from the thyristors to the main contact 1a. 

After the actuation of the electromagnetic con- 
tactor 1 . if the operation input voltage signal is cut 
off at a timing t*. the one-shot pulse S3 of the time 
width tb is outputted from the one-shot-pulse gen- 
erating unit 14, By means of this one-shot pulse 
from the one-shot-pulse generating unit 14, the 
firing signal is applied to the thyristors of the main 
circuit element units 16 from the firing circuit 15 to 
set the thyristors in a conductible state. However, 
since the main contact la of the electromagnetic 
contactor 1 is on, the thyristors are not turned on 
immediately. At the same time as the main contact 
la of the electromagnetic contactor 1 is turned off 
at a timing ts. the thyristors of the main circuit 
element units 16 are turned on. thereby changing 
over the load current from the main contact la to 
the thyristors. If the one-shot pulse outputted from 
the one-shot-pulse generating unit 14 at the timing 
U is turned off after the lapse of a time duration tb 
from the timing U, the thyristors of the main circuit 
element units 16 are turned off at a timing t? when 
the a.c. current of the three-phase a.c. power sup- 
ply finally passes through the zero point. Thus, 
during the cutting off of the electromagnetic con- 
tactor 1 , the load current is cut off by the thyristors 
of the main circuit element units 16 which are 
turned on for a short duration tbi from the timing ts 
until the timing t?. 



Next, referring to the waveform diagram shown 
in the Fig. 3B, a description will be given of the 
operation in the case where the auxiliary normally- 
closed contact lb has undergone a faulty contact. 
5 In this case, even if the operation input voltage 

signal S1 is inputted at a timing lio, and a voltage 
is applied to the electromagnetic coil of the elec- 
tromagnetic contactor 1 to cause the movable iron 
' core to be attracted by the fixed iron core, the 
10 auxiliary normally-closed contact lb remains in the 
off state due to the faulty contact. For this reason, 
the one-shot pulse is not outputted from the one- 
shot-pulse generating unit 14. and the firing signal 
is not applied to the thyristors of the main circuit 
15 element units 16 from the firing circuit 15. so that 
the thyristors are not turned on and remain in the 
off state. After application of the operation input 
voltage signal SI at the timing tic. the electromag- 
netic contactor 1 closes the main contact la at a 
20 timing ti i . thereby allowing the load current to flow. 
Then, when the operation input voltage signal Si is 
cut off at a timing h2, and the operation input 
voltage signal SI falls from on to off. the one-shot 
pulse of the time width tb is outputted from the 
25 one-shot-pulse generating unit 14, thereby setting 
the thyristors in a conductible state. If the main 
contact la is turned off at a timing t-.3 after the 
cutting-off of the operation input voltage signal S1, 
the load current is changed over from the main 
30 contact 1a to the thyristors, and flows across the 
thyristors. These thyristors are turned off at a point 
of time when the a.c. current of the three-phase 
a.c. power supply passes through the zero point as 
the one-shot pulse S3 is turned off after the lapse 
35 of the time duration tb from the timing ti2. The 
thyristors are then turned on briefly for a duration 
tb2 from the timing ti3 when the main contact la 
was turned off until a timing ti*. Thus, in cases 
where the auxiliary normally-closed contact lb has 
40 undergone a faulty contact, the thyristors are not 
turned on during the actuation of the electromag- 
netic contactor 1, and the thyristors are turned on 
only for a short time at the time of the cutting off of 
the electromagnetic contactor 1 , so that the thyris- 
45 tors are not subjected to breakdown. 

Next, referring to the waveform diagram shown 
in Fig. 3C, a description will be given of the opera- 
tion in the case where the main contact la has 
undergone a faulty contact. 
50 In this case, after the operation input voltage 

signal Si is inputted at a timing tis, and a voltage 
is applied to the electromagnetic coil of the elec- 
tromagnetic contactor i to cause the movable iron 
core to be attracted by the fixed iron core, the 
55 signal at the auxiliary normally-closed contact lb 
falls from on to off at a timing li6. Consequently, 
the one-shot pulse of the time width ta is outputted 
from the one-shot-pulse generating unit 14. and a 
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firing signal is applied to the thyristors of the main 
circuit element units 16 via the firing circuit 15. 
thereby turning the thyristors on. As the thyristors 
are turned on. the load current begins to flow. 
However, since after the lapse of the time duration 
ta of the one-shot pulse S3 from the timing tis. the 
thyristors are turned off at a timing ti? when the 
a.c. current finally passes through the zero point, 
so that the load current flows only during the on 
period (with a time width tas) of the thyristors. On 
the other hand, when the operation input voltage 
signal Si is cut off at a timing tie, the one-shot 
pulse of the time width tb is outputted from the 
one-shot-pulsG generating unit 14, so that the 
thyristors are turned on, allowing the load current 
to flow. After the lapse of the time duration tb of 
the one-shot pulse S3 from the timing tie. the 
thyristors are turned off at a timing tig when the 
a.c. current passes through the zero point, with the 
result that the load current is cut off. and the load 
current flows only during the on period (with a time 
width tbs) of the thyristors. Thus, in cases where 
the main contact la has undergone a faulty con- 
tact, at the time of the actuation and cutting off of 
the electromagnetic contactor 1, the thyristors of 
the main circuit element units 16 are turned on for 
a short duration to allow the load current to flow. 
However, since the time duration when the load 
current flows is short, the respective thyristors are 
not subjected to thermal breakdown. 

In the embodiment shown in Fig. 1, the time 
widths ta and tb of the one-shot pulses which are 
necessary for firing the thyristors THYi and THY2 
of the main circuit element units 16 must satisfy 
the following conditions: 1) (the time width ta of the 
one-shot pulse for actuation) > (operating time of 
the main contact la) - (operating time of the auxil- 
iary normally-closed contact lb), and 2) (the time 
width tb of the one-shot pulse for cut-off) > (return- 
ing time of the auxiliary normally-closed contact 
lb). Consequently, during the normal operation, the 
on period of each of the thyristors THYi and THY2 
during the faulty contact of the auxiliary normally- 
closed contact lb and during the faulty contact of 
the main contact la becomes as follows: First, (a) 
during the normal operation, 1) (the on period tai 
of each thyrlstor for actuation) = (operating time of 
the main contact la) - (operating time of the auxil- 
iary normally-closed contact lb), and 2) (the on 
period tbi of each thyristor for cut-off) S [(returning 
time of the auxiliary normally-closed contact lb) - 
(returning time of the main contact la)] + (1/2 
cycle of the a.c. power supply), (b) During the 
faulty contact of the auxiliary normally-closed con- 
tact lb, 1) (the on period taa of each thyristor for 
actuation) = 0. and 2) (the on period tb2 of each 
thyristor for cut-off) < [(time width tb of the one- 
shot pulse) - (returning time of the main contact 
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la)] + (1/2 cycle of the a.c. power supply), (c) 
During the faulty contact of the main contact la, 1) 
(the on period tas of each thyristor for actuation) ^ 
(time width ta of the one-shot pulse) + (1/2 cycle 
s of the a.c. power supply), and 2) (the on period tbs 
of each thyristor for cut-off) ^ (time width tb of the 
one-shot pulse) + (1/2 cycle of the a.c. power 
supply). Through (a) to (c), the on period of each 
thyristor for actuation becomes such that tai < tas, 
70 while the on period of each thyristor for cut-off 
becomes such that tbi < tb2 < tbs; therefore, a 
semiconductor element of a capacity capable of 
withstanding energization for tas or tba needs to be 
selected as each thyristor. Generally, since the 
75 relationship ta < tb holds, taa < tbs. so that a 
semiconductor element of a capacity capable of 
withstanding energization for a short duration of tbo 
is selected as each thyristor. 

For the above-described reason, in order to 
20 make the semiconductor element compact, it suf- 
fices if the on period tb of each thyristor at the time 
of the cutting off of the electromagnetic contactor 1 
is made short. Referring now to Fig. 4, a descrip- 
tion will be given of an embodiment in which the on 
25 period of each thyristor is made shorter than In the 
embodiment shown in Fig. 1. Fig. 4 Is a circuit 
diagram Illustrating an embodiment in which the 
one-shot-pulse generating unit 14 is different from 
the one shown in Figs. 1 and 2. and since the other 
30 configurations are identical to those shown in Fig. 
1 . a description thereof will be omitted. 

The embodiment shown in Fig. 4 differs from 
the one shown in Fig. 2 in the following: The output 
of the one-shot-pulse generating circuit 141, to- 
35 gether with the operation signal Si, is inputted to 
the AND circuit AND1. When the AND condition of 
the AND circuit AND1 holds, i.e., when the inverted 
signal of the normally-closed contact signal S2 has 
changed from H (the auxiliary normally-closed con- 
40 tact lb is in the closed state) to L (the auxiliary 
normally-closed contact lb Is In the open state) 
when the operation signal Si is H, and the one- 
shot pulse of the time width ta has been outputted, 
the AND condition holds, and the one-shot pulse 
45 signal of the time width ta is outputted via the OR 
circuit 0R1. The output of the one-shot-pulse gen- 
erating circuit 142, together with a signal obtained 
by inverting the inverted signal of the normally- 
closed contact signal S2 by an inverter IN. is 
50 inputted to an AND circuit AND2. When the AND 
condition of the AND circuit AND2 holds, i.e., when 
the inverted signal of the normally-closed contact 
signal S2 is L (the auxiliary normally-closed contact 
lb Is In the open state) and the one-shot pulse of 
55 the time width tb has been outputted, the AND 
condition holds, and the one-shot pulse of the time 
width tb is outputted via the OR circuit 0R1. The 
output of this OR circuit ORI , together with a signal 
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obtained by Inverting the inverted signal of the 
normally-closed contact signal S2 by the inverter 
IN, is inputted to an AND circuit AND3. The one- 
shot pulse signal S3 is outputted to the firing circuit 
15 from this AND circuit AND3. 

The operation in accordance with this embodi- 
ment will be described with reference to the o(> 
erating waveform diagrams shown in Figs. 5A and 
5B. Fig. 5A shows a waveform diagram during the 
normal operation, while Fig. 5B shows a waveform 
diagram during the faulty contact of the main con- 
tact. First, during the normal operation shown in 
Fig. 5A, after the operation input voltage signal Si 
is applied at a timing tsi at the time of actuation of 
the electromagnetic contactor 1. the signal at the 
auxiliary normally-closed contact 1b falls from on to 
off at a timing t22, whereupon the one-shot pulse of 
the time width ta is outputted from the one-shot- 
pulse generating circuit 141, while the H signal is 
applied to the other input terminal of the AND 
circuit AND3 via the AND circuit AND1 and the OR 
circuit OR1 . Since the H signal obtained by invert- 
ing the inverted signal (L signal) of the auxiliary 
normally-closed contact 1b by the inverter IN is 
applied to one input terminal of the AND circuit 
AND3, the one-shot pulse of the time width ta is 
outputted from the AND circuit AND3, so that the 
thyristors are turned on. thereby allowing the load 
current to flow. When the main contact la of the 
electromagnetic contactor 1 is turned on, the load 
current flows via the main contact, so that each 
thyristor is turned off at a timing t23, and the 
energization period of each thyristor becomes taio. 
When the operation input voltage signal is cut off at 
a timing t24. the one-shot pulse of the time width tb 
is outputted from the one-shot-pulse generating 
circuit 142 shown in Fig. 4. Since the auxiliary 
normally-closed contact 1 b is in the open state and 
the output of the inverter IN is H. the AND circuit 
AND2 conducts, and the H signal is applied to the 
other input terminal of the AND circuit AND3 via 
the OR circuit ORl. Since the H signal from the 
inverter IN is applied to one input terminal of this 
AND circuit AND3, the AND circuit AND3 conducts, 
so that the one-shot pulse of the time width tb is 
outputted, thereby setting the thyristors in a con- 
ductible state. Then, when the main contact la is 
opened at a timing t25. the thyristors are turned on 
to allow the load current to flow. When the auxiliary 
normally-closed contact lb is subsequently closed 
at a timing t26, the input of the inverter IN shown in 
Fig. 4 becomes H, and the output of the inverter IN 
becomes L, so that the AND circuit AND3 does not 
conduct, and the output of the one-shot pulse tb is 
cut off at this timing tae- The thyristors are turned 
off at a timing t27 when the a.c. current passes 
through the zero point after the cutting-off of the 
one-shot pulse at the timing t26. and its ener- 



gization period becomes tbio- Next, during the 
faulty contact of the main contact la shown in Fig. 
5B, after the operation input voltage signal Si is 
applied at a timing l28. the signal at the auxiliary 
6 normally-closed contact lb falls from on to off at a 
timing t29, whereupon the one-shot pulse of the 
time width ta is outputted from the one-shot-pulse 
generating circuit 141 in the same way as during 
the normal operation, and the thyristors are turned 
10 on to allow the load current to flow. The thyristors 
are then turned off when the a.c. current finally 
passes through the zero point after the turning off 
of the one-shot pulse of the time width ta. At the 
same time as the operation input voltage signal is 
IS cut off at a timing ho, the one-shot pulse of the 
time width tb is generated, and the thyristors are 
turned on to allow the load current to flow. When 
the auxiliary normally-closed contact lb is closed 
at a timing tai . the AND circuit AND3 shown in Fig. 
20 4 does not conduct, so that the one-shot pulse is 
cut off. Then, at a timing X32 when the first a.c. 
current subsequently flows through the zero point, 
the thyristors are turned off. cutting off the load 
current. In this case, the energization period of 
25 each thyristor becomes tbjo. Thus, in the embodi- 
ment shown in Fig. 4. the on period of each thyris- 
tor at the time of the cutting off of the electromag- 
netic contactor 1 becomes the period from the on 
timing of the one-shot pulse until the first a.c. 
30 current passes through the zero point after the 
closing of the auxiliary normally-closed contact lb. 
As such, it is possible to shorten the on period of 
each thyristor in contrast to a configuration in which 
the on period of each thyristor is determined by the 
35 time width of the one-shot pulse as in the embodi- 
ment shown in Fig. 2. 

Fig. 6 illustrates an embodiment in which the 
one-shot-pulse generating unit 14 is different from 
the one shown in Figs. 1 and 2, and the other 
40 configurations are Identical to those shown in Fig. 
1. The embodiment shown In Fig. 6 differs from the 
one shown in Figs. 1 and 2 in the following: An 
oscillator circuit 19 is provided in addition to the 
one-shot-pulse generating unit 14 shown In Fig. 1, 
45 and the outputs of the oscillator circuit 19 and the 
one-shot-pulse generating unit 14 are inputted to 
an AND circuit AND5 to obtain an AND. The Opera- 
tion of the circuit diagram shown in Fig. 6 is 
illustrated in Fig. 7. As shown in Fig. 7. a firing 
50 command SO obtained by an AND of an output OP 
of the one-shot-pulse generating unit 14 and an 
oscillation output OS of the oscillator circuit 19 
becomes an intermittent pulse signal, so that the 
firing command SO is capable of reducing the 
55 amount of heat generated from the circuit elements 
and reducing the power consumption. Since the 
operation at the time of the actuation and cutting 
off of the electromagnetic contactor 1 is identical to 



BNSDOCtO <EP 0660349A1 I > 



17 



EP 0 660 348 A1 



18 



the one shown in Fig. 1, a description thereof will 
be onaltted. 

Fig. 8 is a block diagram of a hybrid switch 
illustrating another embodiment of the invention. 
Component parts or portions which are identical to 5 
those shown in Fig. 1 will be denoted by the same 
reference numerals, and a description thereof will 
be omitted. The embodiment shown in Fig. 8 dif- 
fers from the one shown in Fig. 1 in the following: 
A voltage monitoring circuit 17, which is connected io 
to opposite terminals of the main contact la of the 
electromagnetic contactor 1, is provided to detect 
an interterminal voltage at the main contact, and an 
output of the voltage monitoring circuit 17 is input- 
ted to the one-shot-pulse generating unit 14, so as is 
to obtain an AND of the operation input voltage 
signal Si and the normally-closed contact signal 
S2 from the determining circuit 13 for determining 
the state of the auxiliary normally-closed contact 
1 b. Furthermore, the output of the voltage monitor- 20 
ing circuit 17 is inputted to an unillustrated drive 
circuit of the electromagnetic contactor 1, so as to 
turn off the operating coil of the electromagnetic 
contactor 1 . The operation of this embodiment will 
be described with reference to the waveform dia- 25 
grams shown in Fig. 9. In Fig. 9, Si denotes the 
output of the input-voltage detecting circuit 12; S2 
denotes the normally-closed contact signal; la de- 
notes the main contact signal; THY denotes the 
operation signal of the thyristors THY1 and THY2 30 
of the main circuit element units 16; and V denotes 
an interterminal-voltage monitoring output of the 
voltage monitoring circuit 17. Fig. 9A is a waveform 
diagram of various parts during the normal opera- 
tion, Fig. 9B is a waveform diagram of the various 35 
parts during faulty contact of the auxiliary normally- 
closed contact, and Fig. 9C is a waveform diagram 
of the various parts during faulty conductance of 
the main circuit element units. 

First, during the normal operation shown in the 40 
Fig. 9A, when the operation input voltage signal Si 
is turned on at a timing t^i, the auxiliary normally- 
closed contact lb is closed at a timing U2, and the 
one-shot pulse of the time width ta is outputted 
from the one-shot-pulse generating unit 14, so that 45 
the thyristors of the main circuit element units 16 
are turned on, allowing the load current to flow. As 
the thyristors of the main circuit element units 16 
are turned on, the interterminal voltage at the main 
contact la becomes substantially zero, so that the 50 
interterminal-voltage monitoring output V is set In 
the on state. Then, the main contact la is closed at 
a timing t4 3. but since the interterminal voltage at 
the main contact la is substantially zero, the inter- 
terminal-voltage monitoring output V continues to 55 
be on. When the operation input voltage signal Si 
is cut off at a timing t*^, the main contact la is 
turned off at a timing t45. and the thyristors of the 



main circuit element units 16 are turned on, while 
the auxiliary normally-closed contact 1b is closed 
at a timing t^e. and the thyristors of the main circuit 
element units 16 are turned off. The interterminal- 
voltage monitoring output V is set in the off state. 

Next, during the faulty contact of the main 
contact shown in Fig. 9B, when the one-shot pulse 
of the time width ta is outputted at a timing t4 8 to 
turn on the thyristors of the main circuit element 
units 16, and this one-shot pulse disappears at a 
timing t^s, if the main contact la has undergone a 
faulty contact, a voltage is generated between the 
terminals of the main contact la. When the voltage 
generated between the terminals of the main con- 
tact la is detected by the voltage monitoring circuit 
17 after the outputting of the one-shot pulse, the 
voltage monitoring circuit 17 applies to the one- 
shot-pulse generating unit 14 an output prohibit 
command with the interterminal-voltage monitoring 
output V off, so as to prohibit the outputting of the 
one-shot pulse subsequent to that point of time and 
prevent the thyristors from being fired. By virtue of 
the adoption of such a configuration, during the 
faulty contact of the main contact la, it is possible 
to prohibit the outputting of the one-shot pulse after 
the thyristors are turned on only once by the initial 
one-shot pulse after the application of the operation 
input voltage signal, so that the time width ta of the 
one-shot pulse can be set such that ta = tb = 0. 
Hence, the capacity of each thyristor can be made 
small. It should be noted that although a descrip- 
tion has been given of the voltage monitoring cir- 
cuit 17 which is arranged to monitor the voltage 
between the terminals of the main contact la, the 
voltage monitoring circuit 17 may monitor the line 
voltage on the load side of the main contact la. 

Furthermore, during the faulty conductance of 
the main circuit element units 16 shown in Fig. 9C. 
since the thyristors of the main circuit element 
units 16 are not turned on even if the one-shot 
pulse of the time width ta is outputted at a timing 
t53, a voltage is generated between the terminals of 
the main contact la until the main contact la is 
turned on at a timing ts*. When the voltage occur- 
ring between the terminals of the main contact la 
is detected by the voltage monitoring circuit 17 
while the one-shot pulse is being outputted, the 
voltage monitoring circuit 1 7 outputs a cut-off com- 
mand with an interterminal-voltage monitoring out- 
put off to an unillustrated drive circuit of the elec- 
tromagnetic contactor 1. so as to turn off the op- 
erating coil of the electromagnetic contactor 1 and 
release it. 

Next, another embodiment of the invention will 
be described with reference to Fig. 10. In Fig. 10, 
only the aspects which differ from the embodiment 
of the invention shown in Fig. 1 are shown, and 
since the other configurations are identical to those 
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shown in Fig. 1, a description thereof will be omit- 
ted. The embodiment of the invention shown in Fig. 
10 differs from the one shown in Fig. 1 in the 
following: The output OP of the one-shol-pulse 
generating unit 14 is used as one input of an AND 
circuit AND4. and is inputted to a timer circuit 18. 
and an output TM of the timer circuit 18 is used as 
another input of the AND circuit AND4. The time 
limit of the timer circuit 18 is set to be greater than 
the time width of the one-shot pulse. The operation 
of this embodiment shown in Fig. 10 will be de- 
scribed with reference to the waveform shown in 
Fig. 11. After the operation input voltage signal S1 
is applied at a timing Uo shown in Fig. 11 to open 
the unillustrated auxiliary normally-closed contact, 
the one-shot pulse is outputted at a timing tei, 
whereupon a firing signal is outputted to the thyris- 
tors from the AND circuit AND4 since the H signal 
obtained by inverting the L signal of the timer 
circuit 18 is applied to another input terminal of the 
AND circuit AND4. When the one-shot pulse is 
turned off at a timing tes. the input of the timer 
circuit 18 falls from on to off. so that the timer 
circuit 18 starts the timing operation. When the 
output TM of the timer circuit 18 becomes H, the 
input to the AND circuit AND4 becomes L. so that 
the AND circuit AND4 does not conduct, causing 
the firing signal SO to each thyristor to disappear. 
During the timing operation of the timer circuit 18, 
since the other input to the AND circuit AND4 is L, 
the timer circuit 18 continues to remain nonconduc- 
tive. After the lapse of a time limit tm of the timer 
circuit 18, a time limit signal is outputted from the 
timer circuit 18. thereby setting the AND circuit 
AND4 in a nonconductive state. Thus, in the em- 
bodiment shown in Fig. 10. the arrangement pro- 
vided is such that the timer circuit 18 starts the 
timing operation at a falling timing of the one-shot 
pulse, and the firing signal SO is not applied to 
each thyristor during this timing period. Accord- 
ingly, even if high-frequency switching is carried 
out in such a manner as to open and close the 
electromagnetic contactor 1 at shorter time inter- 
vals than the time limit tm of the timer circuit, the 
thyristors are not turned on on each such occasion. 
As a result, by setting the time limit of the timer 
circuit 18 in accordance with the heat capacity of 
each thyristor, it is possible to prevent the thermal 
breakdown of the thyristors. 

Another embodiment of the invention lies in the 
input-voltage detecting circuit 12 which is shown in 
Rg. 1 that illustrates the first embodiment. In the 
embodiment shown in Fig. 1. the input-voltage de- 
tecting circuit 12 is not required in cases where the 
power supply for supplying the operation input 
voltage signal is stable. In cases where the power 
supply for supplying the operation input voltage 
signal is instable, however, the input-voltage de- 



tecting circuit 12 is provided, and an arrangement 
is provided such that an output is provided by the 
use of the input-voltage detecting circuit 12 when 
the voltage of the operation input voltage signal is 

5 equal to or exceeds the operating voltage or return- 
ing voltage of the electromagnetic contactor 1. By 
virtue of the adoption of such an arrangement, it is 
possible to prevent a situation in which, when the 
voltage of the operation input voltage signal has not 

70 reached a specified value sufficient to attract the 
movable iron core of the electromagnetic contactor 
1 toward the fixed iron core, the movable iron core 
is not attracted positively by the fixed iron core, 
and the on-off operation of the auxiliary normally- 

75 closed contact is repeated due to the repetition of 
the attraction and release of the movable iron core, 
causing the thyristors to undergo a frequent on-off 
operation and resulting in the thermal breakdown of 
the thyristors. 

20 Fig. 12 shows still another embodiment using 

the one-shot-pulse generating unit 14 which is dif- 
ferent from the one shown in Fig. 4, and the other 
configurations are identical to those shown in Fig. 
1. The embodiment shown in Fig. 12 differs from 

25 the one shown in Fig. 4 in that there is provided a 
b contact opening/closing detecting circuit 143 to 
which the operation signal SI. the inverted signal 
of the normally-closed contact signal S2, and the 
output of the inverter IN are inputted, an output 

30 signal S4 of the b contact opening/closing detect- 
ing circuit 143 being inputted to input terminals of 
the AND circuits AND1 and AND2. During the 
norma! operation of the auxiliary normally-closed 
contact lb, since the normally-closed contact sig- 

35 nal S2 Is turned off after the operation signal Si is 
turned on. the b contact opening/closing detecting 
circuit 143 determines whether a faulty contact has 
occurred in the auxiliary normally-closed contact 
lb on the basis of whether or not the normally- 

40 closed contact signal is turned off during the on 
period of the operation signal SI. The b contact 
opening/closing detecting circuit 143 stores the re- 
sult of detection in a self-holding circuit and, in 
case of a faulty contact, outputs an off signal 

45 indicating an abnormality. This self-holding circuit 
is reset by a rise of the output of the inverter IN. 

The operation of this embodiment will be de- 
scribed with reference to the operating waveform 
diagrams shown in Figs. ISA and 13B. Fig. 13A 

50 shows a waveform diagram during the normal op- 
eration, and the Fig. 138 shows a waveform dia- 
gram during faulty contact of the auxiliary normally- 
closed contact lb. First, during the normal opera- 
tion shown in the Fig. 13A, since this operation is 

55 similar to the operation shown in Fig. 5A, only 
differences will be described. The output S4 of the 
b contact opening/closing detecting circuit 143 is 
turned on when the operation signal Si is turned 
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on at a timing t7i. and the output S4 of the b 
contact opening/closing detecting circuit 143 Is 
turned off when the normally-closed contact signal 

52 Is turned on at a timing ijs, so that the output 
S4 of the b contact opening/closing detecting cir- 
cuit 143 does not affect the operation of the AND 
circuits AND1 and AND2 during the normal opera- 
tion. Next, during the faulty contact of the auxiliary 
normally-closed contact lb, since the output S4 of 
the output S4 of the b contact opening/closing 
detecting circuit 143 Is off, the AND condition of 
the AND circuits AND1 and AND2 does not hold, 
with the result that the output of the one-shot pulse 
signal S3 is stopped. Accordingly, even if the op- 
eration input signal S1 is turned on at a timing tys, 
the one-shot pulse S3 of the time width ta is not 
outputted, so that the thyristors of the main circuit 
element units 16 are not turned on. 

In the embodiments shown in Figs. 1 and 4, if 
the auxiliary normally-closed contact lb undergoes 
a faulty contact, at the time of actuation of the 
electromagnetic contactor 1. since the normally- 
closed contact signal S2 is off. the one-shot pulse 

53 of the time width ta is not outputted. At the time 
of cut-off, however, the thyristors of the main circuit 
element units 16 are turned on since the one-shot 
pulse S3 of the time width tb is outputted. Accord- 
ingly, if high-frequency switching is effected, the 
loss in the on state of the thyristors becomes large 
during the cut-off. so that there is the risk of 
resulting in a breakage incident. However, such an 
incident can be avoided by providing the b contact 
opening/closing detecting circuit 143 as in this em- 
bodiment Incidentally, a faulty contact of the auxil- 
iary normally-closed contact is coped with sepa- 
rately. 

As described above, according to the first as- 
pect of the invention, a hybrid switch which has 
semiconductor switching elements connected in 
parallel to a main contact of an electromagnetic 
contactor and is adapted to operate the semicon- 
ductor switching elements for a short time at the 
time of the actuation and cut-off of the electromag- 
netic contactor, comprises: a control section for 
detecting a fall of an auxiliary normally-closed con- 
tact signal and a fall of an operation Input voltage 
signal, and for outputting a one-shot pulse at each 
point of time of detection thereof so as to apply a 
firing pulse to the semiconductor switching ele- 
ments. Consequently, since the firing signal is ap- 
plied to the semiconductor switching elements only 
during the period of the one-shot pulse, even if a 
faulty contact occurs in the main contact or the 
auxiliary normally-closed contact of the electromag- 
netic contactor, the semiconductor switching ele- 
ments are energized only during a short time. 
Hence, it is possible to provide an inexpensive 
hybrid switch which does not undergo thermal 



breakdown even if the capacity of the semiconduc- 
tor switching elements is made small. 

According to the second aspect of the. inven- 
tion, a hybrid switch which has semiconductor 
5 switching elements connected in parallel to a main 
contact of an electromagnetic contactor and is 
adapted to operate the semiconductor switching 
elements for a short time at the time of the ac- 
tuation and cut-off of the electromagnetic contactor, 
10 comprises: a control section for detecting a fall of 
an auxiliary normally-closed contact signal and a 
fall of an operation input voltage signal, and for 
outputting a one-shot pulse at each point of time of 
detection thereof so as to apply a firing pulse to 
76 the semiconductor switching elements; and a volt- 
age monitoring circuit for monitoring an interter- 
minal voltage or a load-side interphase voltage of 
the main contact of the electromagnetic contactor 
so as to determine faulty contact of the main 
20 contact or faulty conduction of the semiconductor 
switching elements, wherein the control section 
prohibits the outputting of the one-shot pulse or 
turns off an operating coil of the electromagnetic 
contactor by the output of the voltage monitoring 
25 circuit. Accordingly, in the event that the main 
contact of the electromagnetic contactor has under- 
gone a faulty contact, the energization of the semi- 
conductor switching elements is prohibited, so that 
it is possible to use semiconductor switching ele- 
30 ments whose heat capacity is even smaller than in 
the constitution according to the first aspect. On 
the other hand, in the event that the semiconductor 
switching elements have undergone faulty conduc- 
tion, the operating coil of the electromagnetic con- 
as factor is turned off, thereby releasing the elec- 
tromagnetic contactor. 

Further, according to the third aspect of the 
invention, a hybrid switch which has semiconductor 
switching elements connected in parallel to a main 
40 contact of an electromagnetic contactor and is 
adapted to operate the semiconductor switching 
elements for a short time at the time of the ac- 
tuation and cut-off of the electromagnetic contactor, 
comprises: a control section for detecting a fall of 
45 an auxiliary normally-closed contact signal and a 
fall of an operation Input voltage signal, and for 
outputting a one-shot pulse at each point of time of 
detection thereof so as to apply a firing pulse to 
the semiconductor switching elements, the control 
50 section having a timer which starts a timing opera- 
tion of a predetermined time limit and issues an 
output by the output of the one-shot pulse and 
stops the output upon completion of the timing 
operation of the predetermined time limit, the out- 
55 putting of the one-shot pulse being prohibited while 
the output is being Issued from the timer. As such, 
even if the electromagnetic contactor is switched 
with a high frequency, since the semiconductor 
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switching elements are not energized on each such 
occasion, there is an advantage in that the heat 
capacity of the semiconductor switching elements 
can be made small. 

Furthermore, according to the fourth aspect of 
the invention, a hybrid switch which has semicon- 
ductor switching elements connected in parallel to 
a main contact of an electromagnetic contactor and 
is adapted to operate the semiconductor switching 
elements for a short time at the time of the ac- 
tuation and cut-off of the electromagnetic contactor, 
comprising: a control section for detecting a fall of 
an auxiliary normally-closed contact signal and a 
fall of an operation input voltage signal, and for 
outputting a one-shot pulse at each point of time of 
detection thereof so as to apply a firing pulse to 
the semiconductor switching elements; and an in- 
put-voltage detecting circuit for issuing an output 
when a voltage of the operation input voltage signal 
is equal to or exceeds an operating voltage or a 
returning voltage of the electromagnetic contactor, 
wherein the control section issues the one-shot 
pulse on condition of the output of the input-voltage 
detecting circuit. Accordingly, in cases where the 
voltage value of the operation input voltage signal 
is lower than a predetermined value, it is possible 
to obviate a situation In which the main contact of 
the electromagnetic contactor flutters and the semi- 
conductor switching elements are energized fre- 
quently. Hence, there Is an advantage in that the 
heat capacity of the semiconductor switching ele- 
ments can be made small 

Still further, according to the fifth aspect of the 
invention, a hybrid switch which has semiconductor 
switching elements connected in parallel to a main 
contact of an electromagnetic contactor and is 
adapted to operate the semiconductor switching 
elements for a short time at the time of the ac- 
tuation and cut-off of the electromagnetic contactor, 
comprises: a control section for detecting a fall of 
an auxiliary normally-closed contact signal and a 
fall of an operation input voltage signal, and for 
outputting a one-shot pulse at each point of time of 
detection thereof so as to apply a firing pulse to 
the semiconductor switching elements, wherein the 
control section detects a rise of the operation input 
voltage signal, detects the presence or absence of 
the fall of the auxiliary normally-closed contact 
signal after the rise, and prohibits the outputting of 
the one-shot pulse when there is no fall in the 
auxiliary normally-closed contact signal. As a re- 
sult, if a faulty contact occurs in the auxiliary nor- 
mally-closed contact of the electromagnetic contac- 
tor, the outputting of the one-shot pulse is prohib- 
ited, so that It is possible to prevent causing dam- 
age to the semiconductor switching elements par- 
ticularly In high-frequency switching. 



Claims 

1. A hybrid switch comprising: 

an electromagnetic contactor having a 
5 main contact and an auxiliary normally-closed 

contact; 

a semiconductor switching element con- 
nected in parallel to the main contact: and 

a control section for rendering the semi- 
10 conductor switching element in an on-state for 

a short time when the electromagnetic contac- 
tor is closed and opened, said control section 
comprising: 

means for detecting a fall of an auxiliary 
75 contact signal indicating an opening/closing 

state of the auxiliary normally-closed contact 
and a fall of an operation input voltage signal; 
and 

means for producing a one-shot pulse as a 
20 firing pulse for the semiconductor switching 

element upon the detection of the fall of the 
auxiliary contact signal or the fall of the opera- 
tion input voltage signal. 



25 



30 



2. The hybrid switch according to claim 1. 
wherein the one-shot pulses produced at the 
falls of the auxiliary contact signal and the 
operation input voltage signal have different 
widths. 



3. The hybrid switch according to claim 1. 
wherein the one-shot pulse produced at the fall 
of the operation input voltage signal falls in 
response to a rise of the auxiliary contact 

35 signal. 

4. The hybrid switch according to claim 1. 
wherein said control section further comprises 
an oscillator, and wherein the one-shot pulse 

40 and an output of the oscillator are ANDed to 

produce the firing pulse. 

5- The hybrid switch according to claim 1. 
wherein said control section further comprises 

45 a voltage monitoring circuit for monitoring an 

interterminal voltage or a load-side interphase 
voltage of the main contact of the electromag- 
netic contactor to judge of faulty contact of the 
main contact and faulty conduction of the 

50 semiconductor switching element, and wherein 

the control section prohibits output of the one- 
shot pulse or turns off an operating coil of the 
electromagnetic contactor based on an output 
of the voltage monitoring circuit. 

55 

6. The hybrid switch according to claim 1. 
wherein said control section further comprises 
a timer for producing an output for a predeter- 
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mined time In response to output of the one- 
shot pulse, wherein the control section prohib- 
its output of a further one-shot pulse while the 
timer produces the output. 



5 



7. The hybrid switch according to claim 1. 
wherein said control section further comprises 
an input-voltage detecting circuit for producing 
an output when the operation Input voltage 
signal is equal to or larger than an op>erating lo 
voltage or a retuming voltage of the elec- 
tromagnetic contactor, and wherein the control 
section produces the one-shot pulse only while 

the input-voltage detecting circuit produces the 

output. 75 

8, The hybrid switch according to claim 1, 
wherein said control section detects a rise of 
the operation input voltage signal, and then 
judges of presence of the fall of the auxiliary 20 
contact signal, and wherein the control section 
prohibits output of the one-shot pulse if the fall 

of the auxiliary contact signal is absent. 
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